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Alerting Abstract CN A 

NOVELTY - Method for producing synthetic gas from low carbon hydrocarbon and 

inorganic compact oxygen permeatable membrane reactor is new. 
DESCRIPTION - The present invention features that the catalyst bed layer is separated 
from the oxygen permeable assembly; that hot air and oxygen-rich gas are led to the 
oxygen permeable side of the membrane and natural gas and low carbon hydrocarbon or 
reducing mixed gas of low carbon hydrocarbon and CO and/or H2 are led to the reaction 
side to produce deep oxidation at 800-1000 deg.c and 0.1-1 MPa obtaining the mixture of 
low carbon hydrocarbon C02 and/or steam; and that the mixture is led to one other area 
with reforming catalyst to produce combined catalytic reforming reaction of 
hydrocarbon, C02 and H20 producing synthetic gas at 800-1000 deg.c and 0.1-1 MPa. 
ADVANTAGE - The present invention has long service life of oxygen permeable 
membrane, expanded range of applicable membrane, reaction capacity at the conditions 
of high space velocity and great concentration, reasonable energy utilization. 
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[57] Jg^ 

^, ^ifK^gfP CO H,ffl/t6<JiSIC'|4M^ 
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1000-cfn 0. 1 ~ iMPa m^mmw,its.M, mmm 

A^-Kmii^Mmmm±, S soo ~ looorfn 0. 1 

~ iMPa ^#T, CO,. H,o R^mi^mitmm 
&, fiM^^isfi ^^a^w*#T«ffl Ni s{«^tjfija 




01127228. 7 



u m ^ m ^ 



mi/2M 



6«JiSl: W^¥^ffi*M*t*4^ffi^Rit^ 1.0 x lO"' ~ 80mlW-mm' .^S00~ 1000°C 
?IA3§-E^MmMtt.?f'J±, ft 800- 1000<'CMmo.l~lMPaJE;^W^#T, 

ffift^ : s*ffi«'>fe^^iJ^tb^ 0.4-0.6 ^R^^co m^^\t:i^ 2 ^^i^Hm 

tk^ 0.4-0.6, CH4/H,= 1, Rr^3^fflMjt*LJi^^5F4feiS: m'^^^m ZrO,, BiA 
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^ * 45 M2/251 



iS; CH4/H2O bk^ 1.4-1.6, CH4/CO bb^ 2.8-3.2; RT#IMfl<JillftJ^***4'a^S! 

A^H^^I^W ZrO,. BiA ^W'^^t^f^t^Wft^r*i™> AWf^' 

Sr4Fe,..Co,0,3..'f*^. fWlBt^Wft^^fP*^ ffiite^^-fflS^mtl, 

tiffin 3 Mmmm 4 ^jum 
wa^p 5, jsi^ffwtiinp 6; ^mm.mm'¥ 2 $immmm 4 :tfB]6<j-^^*ift 
4 w^-iij7TWj^ti^mna<jiup 8 . 
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mmizmm'B, n^^f^^^^-)^. M^zj^i^xr^^^m 

M^Mo ^ffl «ifcl|fr«» (Haggin, Chicago C.E., Chem. Eng. News, 70(17):33 
(1992)) Jgtii. SBtr^'Jffl^^^i'J-^^^ff^^?^M*4Sl^^p°nWl24^. ^ 

m, W-mymnMW: CSMR). (Choudhary.V.R., Rajput, 

A.M.,Rane,V.H.,J.Phys.Chem.,96,8686(1992))s MB Cffi-ft^.^^ (Bharadwaj, S. 

S., and Schmidt, L. D., Journal of Catalysis 146,11-21(1994)) fgtii, 

mm&i^., i^^wMmmmm; k com, imM, r^mMt^mtt'^^^iBm 
x2o ifi^^, mmmx'&^mmtm^¥.ii (pox). i^^asis (smr/o,r)> 

(ATR) C4-0fitti)) (Balachandran,U., Dusek, J. T., Maiya, R S., et al., 
Catalysis Today 36(1997) 265-272)^ «ff'ffl^4^3S?R)) (Dong Hui, Xiong Guoxing, 

Shao Zongping, et al., Chinese Science Bulletin 45(3)224-226(2000)). Hffl^^O 

6048472 ^t^m, &mx^^mmm^ m^mnmummswiR^pmm, 

±, m^m'ifi^^Mo iamm-^m eomii jitu, ATR xti^^mm&m 
95-99.9%, mm.m^^^wmmrfmm^)$.:^m'<^Xo Hjtb, 

m} cmmm^, m3), ntmm mwm^} cm-^-^m^, it 
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m ^ ^2/1551 



mwmmt, 1984) M^mmmj^Mmwmmm. siu^t^^^w^ 
m.-MTmm. mim^m^nmm, mm^mm-, ^-^^rmj^nmi 

^immm^Mo smm^igM4aife±it6iiviiiMtt^ ioo%. j^it^j^^^, 

si&^^&ufR]isij)*M^. mm-^m 6077323 ^tBfi^j-^+isii^^, mmipm 
m^M^ (^mmm^^ 99124427.3). ^"^^^i^^spTi^^^^^t^-s/s 

<4-Bfitt.» (Balachandran.U., Dusek, J. T., Maiya, P. S., et al., Catalysis Today 
36(1997) 265-272) M7^ffi«Pnt&^ Rh SmMtf*m^S,/5Z^+^i?^^ 

MBit)) (A. Slagtem, Unni Olsbye, Applied Catalysis A: General 110(1994) 99-108 

A. Tsipouriari, Z. Zhang, and X. E. Verykios, Journal of Catalysis 179(1998), 283-291 ) 
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1.0 X 10-^ ~ 80ml'cm-'-min-' Cim'fljmMmmmmPdf), 4 800 ~ 

iooo°c umm o.i~iMPa mti^y, nmrnt^mmit 
Hti^m^^mA^-Km&^Mmmm±, ^ soo ~ iooo°c umu o.i~iMPa 

mmimiinR-i-^ mmmi^M.^um, mnm^mmmmmif, * i.o 
X 10"^ ~ 80mixm'-mm'mm\^m^imimmmmmmM:'^HwmM, ;a 

m^'^^^^m»^^mZ[t CH,/H,0/C02 = 3/2/1; 

Sfift^i^; 0.4-0.6; mmm^m^^m^mn'Tr^w.t.vY. 

cH,/H,o/co,= 3/2/1; '^'m.^^mmM^'m: mm,'^'^m^^Q^^ bia 
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H^^^^jg, H,WJ5«'jg^g-^m; H.MJfbk^^ 0.4-0.6, CH,/H2 = 1; 

mmwM.^mm^^: m^-^mm zro,. B\,o,m^mm. m^^m^^ 

Mm^m^^ m^mmm^mvG^^ su?^,.,co,o,,.,w%^ nm^m^.'^i-^^ 
=fm.m.m^^%^m.\k.^, \>XR%m±.mm^m%^ ^M&^^Mmti^t^ 

(4) CO j^^^j^littM^nftBt. ^J^^^^^-^;^^/^M 

a H^^^j^jg, CO 'mmmi^^ mnm^mm-, ch^/h^o tt;^ i.4~i.6, ch/co 

tb^ 2.8-3.2; PT«ffl6tj3iWtmfeiS: MPn^^^^m ZrO,. BiAS^^t^ 

±m'if^'^m^mmmmm^ h,/co=2 c^p^^nr^ i.8~2.i ^^eiirt) a^j 

mii^mm^K 1 mmmmi^&MK 3. Mwy^m^mmmmmmmm 4-, 

mtm 2 pnm^mm; 1 mj&mHmim 2 Pt3a6<jfg#±jFwt« 
^#6<]fflnp 5, mm^\h%n 6; ^is*:m» 2 mmmmm 4 :tra]e<]M 
ftifcix 3 mi5:mmmimmm^^m±^^w.^Hwm^n 7, i^mmm 
mm 4 m^-m^^rm^^Hm^a s o 

iooo°c. mjjy^ o.i~iMPa m^.^HmfmtM.mmH\hmHa s m.Kmmm 2 - 
mmmm^M. 1. tft^^puj/^iiinp 6 im-^mi^immn co ^/^p H.^a^jc 
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m ^ ^5/1551 



~ iooo°c Mjs^ o.i~iMPa mi^WY, m^^-a-fiiism, #sijw-a-mn/^tis 
5. xmmM.H^mM'h^, mmtmrnm. 
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(1) '^mm.m^^m^M^iim6yjf, imm^-^^mimm-^-nm^j^M 

(2) mm^^^imMM.mmmmMimm^m'^nmmm. w%mmmizr i 
mmE. 65000 w±«aaso i^mmmx-^^mmmEm&M^mm, ^ 

mo 

(3) mm.\^rm h,o h,o 

6. *^0jM^a?MJiMa?i^jf, M.^jmvLmm 
im^"^, ^Ii:kSiSBIW^a$i^^ ^m.^mw-)^^%m^my\m Ni 

Sffi'ft^Jiia^f . C^-Bffi^)) (Balachandran,U.. Dusek, J. T., Maiya, P. S., et al.. 
Catalysis Today 36(1997) 265-272) JKit^ffl^^&^^fi<J RhSmM^T55W.& 

mmMm^ ni mumm^w-^mmimm^. 

AMT-^'^. iJ^MBi^} (A. Slagtem, Unni Olsbye, Applied Catalysis A: General 

110(1994) 99-io8)-?&m Ni mmmi^^^^^m.it&M'Pi^i \i ^mm^m-, m 

'ft^J^)) CV. A. Tsipouriari, Z, Zhang, and X. E. Verykios, Journail of Catalysis 
179(1998), 283-291) «mi|5l6^^ife= M]«^¥:^ianW^#T, M Ni » 

{mm, 400 /jNWs/s*jaM«'ftBj3MT!^. mmmm^m^^wimmn, 
3. mmmmm&m^mmmitmmmm^if, mimmmmo 
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mm 1 ^^^^mmmms.m^^Mm; 

mm 2 ^^'^m^m^mmmm.ms.i^^^mm; 

mm 3 ^fijffl@^*smt§*?»j^^nx2M5g^«®: 

mm 4 ^m^^itiM^$im^mm.mm^^sMm; 

mm 6 H/co w@s^&iSi§i¥^4/^-^^n6^i^.s[»figSi 

^w^m&. 12, imm^m^ o. ^# 9 i:Hiit«o mmm^m^ lo ^t^if^ray 

imm^ww, 13. fim^nij^n^^iJ^)'^ 12 m^^^mmym^. m 

^^m^m^j, 10 mmm^, fmFf^^um-m't'm^mtk 10 mmm-^^m^i 

mmmm^mmmm 1, ^ummm.m'^m^mm&mit&j^E 3, 
^±rm^M^m^zims.m^^w 9 mm. mmMm^Ha 5 fnt^np 6, 

l5o i^^s^^ft l6>^ffl^P 5 jSAm^Ki6<j«E L M^^i5«^m# 

17 itiinp 6 Wih; ^m/mni^mm^s.mHW is ^ann ? (±1^ p) ax^ 
mf^m\immmm'^ 4 ^^^^n 19 j^i^^hu s cTtP) ^i^i^o 
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(40-60 g) mmm%mmmm^ 

m] 800'c mit^m^um^ mjimMif 20. sanp 5 mAmmy^ loomi/min 

S'H, ^fl^i** 6ft{lio iiann 751A40ml/min SroH^ W He+H^M-^^^, 'f^ 
Ni miUitM^ 800°C S^aif. 2 ^JnB^. {Sif 800°C jSg, lOml/min 100%fi<] 

40ml/min. 4^W^##jgft)i&/3iE4', ftlsJlft^^ fi^J^^^jS^^jt^EililMt^ 

CH4 + 2 O2 -» COj + 2 H2O 

CH4 + C02->2CO + 2H2 
2CH4 + 2H20-^2CO + 6H2 

CH4 + l/2 02^CO + 2H2 

CH4 + 2 O2 CO2 + 2 HjO AH = - 801 .7 kJ/mol 

CH4 + CO2 2 CO + 2 AH = 247.0 kJ/mol 

CH4 + H20-^CO + 3H2 AH = 205.7 kJ/mol 

MS/S CH4 + l/2 02-»CO + 2H2 AH = -35.5kJ/mol 

SiSS 800 ~ 1000°C> latm ^^i^Tmf, 8000 h"', ^.i^J^tJi^ffi 

fe«^Mjo ft 9oo°c. 400 ^mms.mmmm^, im^^ii^mmmifn. 

-^J^Hmrmjk 300m^-day. ^j^^i^it^^ 98%, CO ^^^^i^T 95%.H2/CO=1.9 

~ 2.0, ^-tiSffl^ F-T ^mmm^m^mm h,/ co m^, f"\^^m&^ 
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^^$^98%, CO a^ii^tt:;^^ 95%, H2/CO=1.9 ~2.0c 

^^ffi (ZrO^) ,_,.y-(CeO,),-(CaO)y(x = 0.05 -0.20, y = 0.05 - 0.20)^ (ZrOP 
(TiOj), - (Yp,)^ (x = 0.05 ~ 0.20, y = 0.05 ~ 0.20) ^ (ZrO^) (Tb^Oj sXCx = 0.1 
-0.4). (ZrOj) ,_,.y-(TbAA-(Y203)y(x = 0.05 -0.20, y = 0.05 - 0.20)^ (BiA) 

i-x- (TbA.5)x(x = 0.1 ~ o.4)B^, n'fifmMmmmA^ cu,m^ i.o x lo-^ ~5.o x 

lO'^ml-cm'^-min''; 

Ln,.ACo,.,BA-s(Ln = La. Ga. Sm. Nd. Pr, A = Na.. Ca. Ba. Sr, 
B = Cr. Mn. Fe. Co. Ni. Cu, x= 1.0-0, y = 0-1.0). SrCo,.,MA-6(M = Ti. 
Cr. Mn. Fe. Ni. Cu, x = 0-0.8)^ SrCo,.,.yFe,CUy03.6(x = 0 - 0.5, y = 0-0.3). 
Ln,.,M,Co03.j (Ln = La. Pr.Nd. Sm. Ga, M = Sr. Ca.Bi. Pb, x = 0 - 0.9). La,.^M,Cr03- 
6 (M = Ca. Sr. Mg, x = 0.1-0.9). YoosBaCoo.^Oj-s. YojBaogCoOj.a:^ CaTi,.,MA- 
,(M = Fe. Co. Ni, X =0.1~0.3)Bt, ^¥:^M«ia#MAa<] CH4 1:^^ 0.3 ~ 30 
ml-cm'^-min''; 

YSZ-A(A=Pd. Pt. Ino.9Pro.,. Ino.95Pro.025Zro.025' M+Bfi^J^fJRtk^^ 0.4 -2). 
Bi,5Yo.503-Ago,,Pdo,3(MffiWftlRfck^*J 0.4 - 2), Bi, ^Yo.sOj-AgCM+gfi^Jl^^xtk^ 0.4 - 
2). Bi, 5Ero503-Ag(Wt@6^#^Rtl:^t, 0.4 - 2)^ Bi, ,Er,,OyAu{^m^WU^:i^ 0.4 - 2) 
Bt, ^TOMM^I#iiA6<]CH,l:^0.3~30ml-cni-'-mm'; 

BijSr2Ca,,CuA„.4( n = 1-3, Pb. Sb ^^#'f-\; Bi, ffl Ba sJc# 

±7CM^6^Wi^ Sr, ffl#±7n^ Y #>f-^ Ca, mn.m±M Fe. Co. Ni mX Cu). 
BijSrjCRi.^Ce J2CU2O ,o(R=^ ± TC ^ ,x =0-0.3) . (Pb2Cu)Sr2 A„., Cu„Oj„,4(A=# ± 76* . 
Ca, n=l. 2). RBa2.,M,Cu3.yMy04^5(R=#±7t;^, M=Sr. Ca. Mg, M'=Fe. Co. 
Ni. Al. Ga. Zn, x, y =0~0.5)Bg RBa2.,M,Cu4.yM'A-5(R=#±7€^, M=Sr. Ca. 
Mg, M=Fe. Co. Ni. Al. Ga. Zn, x. y=0-0.5)Ht, =$TOM*M^#ilA6tJ CH4 
0.3 - 3 ml cm'^-min"' ; 

S^ffi Sr,.,Bi/eO3.5(x=0.1~0.9). BaBi,Co,Fe,.,.A-5(x-0.1~0.9, y=0. 1-0.9). 
Ba,Sr,.,COyFe,.A-6(x=0.1~0.9, y=0.1~0.9). BaCo,.,.yFe,MA-5(M=Ti. Zr, x=0.1~0.9, 
y=0.1~0.9). La2Ni04^5B!4 La2.ANi,.yBy04^« (A=Sr. Zr. Ca. Mg, B==Co. Fe. Cu) 
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^, SAW CH4#j^ 1 ~40ml-cm-^-mm': 

YBa^CujOs^j, Y,.,Zr,Ba,Cu3.yMy06^s(M=Fe, Ni, Al, Sn, x=0. 1-0.6), Y,. 
.Zr^Ba^CujOj+g, YBa2Cu3.,FeP6^, LaGa,.,.yA,By03^(A=Co> Ni, B=Mg> Fe, x=0.1~0.8, 

y=0~0.5), La,.AGa,.yBy03_5(A= Sr. B=Co, Fe, Cu, Ni, x=0~0,8, y=0.2~l)^ 
LaCo,.,.yA,Bp3.5(A=Fe, W> Ga, B=Ni, Mg) Bt, ^^^JSTieMia^ilAa^ CH, 
0.3 ~ 35ml-cm'^-min''o 

2 mmMm^^±rmm^m 10 s^jcaii^'. mmmmm^m^m^, 

10 ^i«f0^S5^trtfitlT¥^^, ±^^ji^^5gfiMiJ3^if^ 21 5~10cm. 

^g^n'f*+fB^J^^^;A««Me^T^iIA, ^^«ikj*m;t^^iSE 4, 
J^^^-^fiScn 19 StilP 8 (±tP) flPHi, Kitli^imsiH]. mmVt SrFeo.5CoO3.yX 

-^it^tff^^igMSi^ZWJN-. iI^#.^ia^Smilo 30mm, 9mm, 

Mimmo Ni/y-AiA (160- 200 g) m^fij 1 gm%^mi^m^mu±o 
mm\ ^x^mmmmmo wM^fm^i^.%o ms8oo°c, iatmW^#T 

iSlTc ^^r^nian-m*^ 30 ~ 120ml/min, ^itm^ 80 ~ 95%, CO fitlj^Stt 90 - 
95%, H2/CO=1.8~2.U 

xtf^^^^t^jii^ttSif, m^^')^mHmmr, nmmmmmn^f^ 

l5^M/Sflo jzfeffi Bao.5Sro.5Coo.gFeo. A-s '^WMmmm^^^'^RU^, t^20nim, 
Wii 9mm, Ml¥ 1mm. Ni/y-Al^Oj (40- 60 g ) ffi^^ij 0.5 go f 5t::&^f ^MM 1 
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mm'f, mmmmw., s 9oo°c, latm ^^ju^i^Tm 

wan*, i^tSfeiift^MJj^tf^S, a:S¥^»f[l:^40ml/min,ffii^^tbR=0.5, 

^itK: CO +1/2 0,^002 
2 H2 + O2 ^ 2 HjO 
S^E: CH4 + C02^2CO + 2H2 

2 CH4 + 2 H^O ^ 2 CO + 6 H2 

.^^'^S.Mt CH4 + 1/2 O2 -> CO + 2 H2 

S^ffl (ZrO^) ,^-y-(Ce02),-(CaO)y(x = 0.05 -0.20, y = 0.05 ~ 0.20), (ZrO^) 
(TiOj), - (¥203)^ (X = 0.05 ~ 0.20, y = 0.05 ~ 0.20) s (ZrOj) (l\0,sl(x = 0.1 

-0.4). (Zr02) -(TbjOj j),- (¥203), (x = 0.05 -0.20, y = 0.05 - 0.20)^ (BijOj) 
(Tb20.,.5),(x = 0.1 - 0.4)Bt. W:^ffiM*a#ilAW CH4*j*7 1.0 x 10"' -5.0 x 

10"^ml-cm"^min'i 

S^ffiLn,.ACo,.yBy03-8(Ln = La, Ga, Sm, Nd, Pr, A = Na, Ca. Ba> Sr, 
B-Cr> Mn. Fe> Co> Ni. Cu, x= 1.0-0, y = 0-1.0), SrCo,.,MA-6(M = Ti> 
Cr, Mn> Fe, Ni. Cu, x = 0-0.8)s SrCo,.,.yFe,CUy03.6(x = 0 - 0.5, y"= 0-0.3), 
Ln,.,M,Co03.s(Ln = La, Pr,Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9), La,.,M,Cr03. 
s (M = Ca, Sr, Mg, x = 0.1-0.9), Yo.ojBaCoo.^Oj- s > Yo.1Bao.5CoO3.8Bjc CaTi,.,M,03- 
a(M = Fe, Co, Ni, X =0.I~0.3)Bt, ^¥:^M«ta#31[A6<J CH, ilj^ 0.3 - 30 
ml'cm"^-min"' ; 

zS^S YSZ-A(A=Pd, Ft, Ino.,Pro.„ K A^sZv,,,,,, M^Bfl^JMRtt^ 0.4 - 2), 
Bi,.5Yo.503-Ago.,Pdo.3(M+iW^*^^tb^ 0.4 - 2), Bi,.5Yo.503-Ag(ffiffi6^#f?tb^ 0.4 - 
2), B\y,ET, fi,.Agimmmmt:iii 0.4~2)sKBi,,Ero.,03-Au(M^S6^#lRtb^ 0.4-2) 
fft . M^UM^mSLi^M.\^ CH, M 0.3 - 30 ml-cm-^ min ' ; 

^3tlffi Bi2Sr2Ca„.,Cu„02„.4( n = 1-3. 'g.Mffi Pb, Sb 'M^it Bi. -ffl Ba «Sc# 
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m 1? M12/15M 



±m^^m Sr, m±7tm Y mt Ca, j^m±m Fe, Co> M^f-^ Cu), 
BijSr2(R,.,Ce j2Cu20,o(R=#±7U^,x =0-0.3) , (Pb2Cu)Sr,A„-iCu„02„^4(A=#±7C^ , 
Ca, n=K 2). RBaj.^,Cu3.,M;06.5(R=#±Xl^, M=Sr> Ca> Mg, M=Fe. Co> 
Ni> AK Ga^ Zn, x> y =0-0.5)^ RBa2.,M,Cu4.^;08.5(R=^±7t;^. M=Sr, Ca> 
Mg, M'=Fe, Co, Ni, Al> Ga, Zn, y=0~0.5)fft, #WMMa#iiA6^ CH^ 
M.^ 0.3 ~ 3 ml-cm"''-mm' ; 

Sr,.,Bi,FeO3.6(x=0.1~0.9), BaBi,COyFe,.,.yO3.8(x=0.1~0.9, y=0.1~0.9), 
Ba,Sr,.,Co,Fe,.yO3.5(x=0.1~0.9, y=0.1~0.9), BaCo,.,.,Fe,Mp3.5(M=Ti> Zr, x=0.1~0.9, 
y=0.1~0.9)> La^NiO^^j^ La2.ANi,.A04+s(A=Sr, Z^^ Ca^ Mg, B=Co^ Fe^ Cu) 
Bt, jIA6<]CH4M^ l~40ml-cm-W'; 

S^ffi YBa^CujOfi^s^ Y, ABa2Cu3.yMyOfi^5(M=Fe, Ni, Al, Sn, x=6. 1-0.6), Y,. 
.Zr^BajCujOj^j, YBajCuj^FeA^s- LaGa,.,.yA,By03^(A=Co,Ni, B=Mg.Fe, x=0. 1-0.8, 
y=0~0.5)> La,.AGa,.yBy03_g(A= Sr, B=Co> Fe^ Cu> Ni, x=0~0.8, y=0.2~l)SE 
LaCo,.,.,A,B,03.5(A=Fe, W, Ga, B=Ni, Mg) Bt, nmS^^B^^MA^ CR, 
M.^ 0.3 - 35ml cm'^-min 'o 

0.2-0.7. ^ffiffl2 |5/f^WSm^l- ^^'^'■RST¥e,,CoO,_^n^mim 

w:kmm.mtm. m}^^^mm.^^mM.mm&^&^^^ 20 mm,- 9 mm, 

M 1 mm , Ni/y-AlA (40- 60 S) ffi^fcj^ij 0.5 g- '^^mj^^mM^n^mUH 

feifS^^MJ^tl^^Jig, M^^mA^ 40ml/min, ¥^6<J$t^^:^^J 98%, CO ^ 
95%. Hj/CO=1.9 ~ 2.0, 

S^ffl (ZrOj) ,.,_y-(Ce02),-(CaO)y(x = 0.05 -0.20, y = 0.05 - 0.20), (ZrO^) 
(TiOj), - (Y203)y (X = 0.05 - 0.20, y = 0.05 - 0.20), (ZrO^) {T\hO,Mx = 0.1 
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-0.4). (ZrOj) ,_x-y-(Tb2O3 5),-(Y2O3)y(x = 0.05~0.20, y = 0.05 ~ 0.20)^ (BiA) 

(Tb^Oj.jMx = 0.1 ~ o.4)B^, n^ijm^mm.^mK&^ cH,m^ i.o x lo-^ -s.o x 

10''mlcm"-^-mm'; 

^^ffi Ln,.ACo,.yBy03.6(Ln = La. Ga. Sm. Nd. Pr, A = Na„ Ca> Ba. Sr, 
B = Cr^ Mn> Fe, Co. Ni> Cu, x= 1.0-0, y = 0-1.0). SrCo,.,M„03.e(M = Ti> 
Cr. Mn. Fe. Ni. Cu, x = 0-0.8). SrCo,.,.yFe,CUy03_£(x = 0 - 0.5, y = 0-0.3). 
Ln,.,M,Co03. a (Ln = La. Pr. Nd. Sm. Ga, M = Sr. Ca. Bi. Pb, x = 0 - 0.9). Lai.^M,Cr03. 
5 (M = Ca. Sr. Mg, x = 0.1-0.9), YoosBaCoossOa-s . Yo.,Bao.9Co03.8j?!c Cari,.JVI,03. 
5(M = Fe. Co. Ni, X =0.1~0.3)fft, ^^M^Ji^#JiA6tl CH4 1^ 0.3 - 80 
mlcm'^-min' ; 

S^ffi YSZ-A(A= Pd. Pt. Ino.,Pro,, In<,„5Pro 0252^25 - MffilWWstt^ 0.4 - 2). 
Bi,5Y„503-Ago.7Pdo.3(Mffie<J#:|Rti:^ 0.4 - 2), Bi,i{o.sO,-AgimmWmt^ 0.4 - 
2). Bi„Eio,firAg(^mmWm\t^ 0.4 - 2)^ Bi,.5Er„,503-Au(M+i6tJ^*lRtb^*7 0.4 - 2) 
^. W:^®^ji^I#ilAfitJCH4*^0.3~50ml-cm-2-mm'; 

S^ffi Bi2Sr2Ca„.,Cu„02„,4( n = 1-3. mm Pb. Sb ^miX Bi, ffi Ba 

±7x:mn^6^mx Sr, m±7tm y mx ca, mxim±m Fe. co> m mx cu). 

Bi2Sr2(R,.,Cej2Cu20,o(R=l?&±7nm,x =0-0.3). (Pb2Cu)SrA.,Cu„02..4(A=ll±7U^ . 
Ca, n=l. 2). RBa2.,M^Cu3^;04+s(R=f^±7C^, M=Sr. Ca. Mg, M=Fe. Co. 
Ni. Al. Ga, Zn, x. y =0-0.5)^ RBa2.,M,Cu4.yM'p8.s(R=#±7ti^, M=Sr. Ca. 
Mg, M=Fe. Co. Ni. Al. Ga. Zn, x. y=0-0.5)Bt, =^¥M*MM#iiIAW CH4 
0.3 - 40ml-cm"^Tnin"'; 

^^ffi Sr,.,Bi,FeO3.6(x=0.1-0.9). BaBi,COyFe,.,^O3.«(x=0.1~0.9, y=0.1-0.9), 
Ba,Sr,.,COyFe,.yO3_8(x=0.1-0.9, y=0.1~0.9). BaCo,.,.yFe,My03.6(M=Ti. ,Zr, x=0.1-0.9, 
y=0.1-0.9). La2Ni04+6^ La2.ANi,.,Bp4^5(A=Sr, Zr. Ca. Mg, B=Co. Fe. Cu) 
Bt, MAm CH4#j^ 1 - 60ml-cm-'-mm'; 

^S^ffl YBajCujOj^. Y,.,Zr,Ba2Cu3.yMy04^5(M=Fe, Ni, Al, Sn, x=0. 1-0.6). Y,. 
.Zr^BazCuaOs^s, YBa2Cu3.,FeA4«^ LaGa,.,.yA^y03-8(A=Co. Ni, B=Mg, Fe, x=0.1-0.8, 
y=0-0.5). La,.AGa,.yBy03-5(A= Sr, B=Co. Fe. Cu. Ni, x=(M).8, y=0.2~l)^ 
LaCo,.,.ABA-8(A=Fe. W. Ga, B=Ni. Mg) H, mtmmmMA^ CR, 
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m IS 



M:^ 0.3 ~ 35 ml-cm'^-min' o 

m CO Hwrn^^mitmrnm^tmrnRm, -^im^u^Mmmmmm. mn^ 

XnJWfeiiJ^^^^^ffl, <^i!>#M6<J*Rm. i^l2W^.«aS-^a 6 ^m, W 

fitj;! co» mm'i^^jiSiHm^m^^^^ 24 h^. co ^^wm 23 ch4> hp 

U^J^^XS.!^^ 16 , CH4/H2O bkj^ 1.4-1.6, CH,/CO bt^ 2.8~3.2co Mttt 
mm, 9 mm, Mi? 1 mmo Ni/y-AlA <40~ 60 @ ) BitM 0.5 g„ ^^i^ff 

*^^40ml/min, f 98%, CO mmn-^iz'f- 95%, H2/CO=1.9 ~ 2.0o 

^m-rmmw^ srFe,,coo,., w^ms.mmm. d'm^mii^'mm^f&^ 

^^ffl (ZrO^) ,-,.y-(CeOj),-(CaO)y(x = 0.05 -0.20, y = 0.05 0.20) > (ZrO^) 
,.,.y- (TiO^X - (Yfi,\ (x = 0.05 ~ 0.20, y = 0.05 ~ 0.20), (ZrO^) (Tb203 5),(x = 0.1 
-0.4). (ZrOP ,.,.,-(Tb203A-(Y203)y(x = 0.05 -0.20, y = 0.05 ~ 0.20)§K (BiA) 
(TbAsUx = 0.1 ~ 0.4)9^. «¥M*liila#3iAe<] CH4*^ 1.0 X 10-^ -1.0 X 
lO'ml-cm'^-min"'; 

^3l?fflLn,.ACo,.yBA-6(Ln = La, Ga> Sm> Nd, Pr, A = Na, Ca, Ba> Sr, 
B = Cr. Mm Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,.,MA-5(M = Ti, 
Cr, Mn, Fe, Ni, Cu, x = 0 - 0.8), SrCo,.,.yFe,CUy03. ^ (x = 0-0.5, y = 0 - 0.3), 
Ln,.3,M,Co03.s(Ln = La, Pr^Nd, Sm, Ga, M = Sr^ Ca, Bi, Pb, x = 0 - 0.9) , La,.,M,Cr03. 
5 (M = Ca, Sr, Mg. x = 0.1-0.9), Yo.05BaCoo.55O3. 5 ^ Yo.,Bao.,Co03.s^ CaTi,.,MA- 
a(M = Fe, Co, Ni. X =0.1-0.3)B^, ^^MMM#MA6<J CU,M^ 0.3 ~ 50 
ml'cm'^-mm'; 

^^fflYSZ-A(A=Pd, Ft, Ino.,Pro.„ Ino.wPro.oisZroo^. m^Wmt^OA-l). 
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Bi,.5Yo.503-Ago.7Pdo,3(MffiW^fPsbk^^ 0.4 ~ 2), Bi,.5Yo.503-Ag(^ffi6<]'[*^Rbkj^ 0.4 ~ 
2)> BU sEh.OrAgimmi^mbt^ 0.4 ~ 2)^ Bi,.5Ero.503-Au(Mffi&^#m^ 0.4 ~ 2) 
W , #^;^M*^^flM A6<J CH4 0.3 ~ 30 ml-cm-^-mm' ; 

^^^Bi,Si,Ca^,CuS>2Un-l~2, 'S^gffl Pb. Sb IBJ^J^W Bi, ffl Ba 
±7C^^^^^t Sr, ffl#±7Um Y mX Ca, ffl^'^^M Fe> Co. Ni WiX Cu). 
Bi2Sr2(R,.,Cej2Cu20,o(R=#±7n^,x =0-0.3). (Pb2Cu)SrA.iCu„02„.4(A=#±7t;*. 
Ca, n=K 2). RBa2.,M,Cu3.yM'y06+s(R=#±7n^, M=Sr. Ca. Mg, M'=Fe, Co, 
Ni. Al. Ga, Zn, x. y =0~0.5)sK RBa2.,M,Cu4.yM;08-«(R=^±^*' M=Sr. Ca. 
Mg, M'=Fe. Co. Ni. Al. Ga. Zn, x. y=0~0.5)Bt. =§¥MM^I#3lAe<J CH4 
0.3 ~ 10ml cm"^-min"'; 

Sr,.,Bi,FeO3-5(x=0.1~0.9). BaBi,Co,Fe,.,.yO3.fi(x=0. 1-0.9, y=0.1~0.9). 
Ba^Sr,.,COyFe,.yO3_s(x=0. 1-0.9, y=0.1-0.9). BaCo,.,.yFe,Mp3.8(M=Ti. Zr, x=0.1~0.9, 
y=0.1~0.9). La2Ni04^«^ La2.ANi,.yBy04^«(A=Sr. Zr. Ca. Mg, B==Co. Fe. Cu) 
aA6<]CH4*^ l-40ml-cm-' min-'; 

S^ffi YBa^CujOj^s. Y,.,Zr,Ba2Cu3.,M,06,5(M=Fe, Ni, Al, Sn, x=0.1-0.6). Y,. 
.Zr^BajCujOg^j, YBa^Cuj^FeA+s^ LaGa,.,.yA,By03.5(A=Co. Ni, B=Mg. Fe, x=0.1~0.8, 
y=0-0.5). La,.AGa,.yBy03_5(A= Sr, B=Co. Fe, Cu, Ni, x=0-0.8, y=0.2~l)n!c 
LaCo,.,.,A,B,03^(A=Fe. W, Ga, B=Ni, Mg) fft, =©¥;^®*Mm#ilA6<J CH4 

0.3 - 35ml-cm-^-min-', 
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